Patients with both diabetes and schizophrenia had an increased risk of macrovascular complications and all-cause mortality but did not have statistically significant elevated risk of microvascular complications.
Diabetes mellitus is a common chronic metabolic disorder characterised by elevated blood glucose. Prolonged hyperglycaemia may induce the macrovascular and microvascular complications of diabetes. 1 Intensive glycaemic control, as well as lifestyle intervention, is recommended for diabetes management. 2 Patients with schizophrenia have a significantly higher prevalence of diabetes mellitus than the general population. [3] [4] [5] Factors associated with developing diabetes mellitus, such as heritability, an unhealthy lifestyle and antipsychotic treatment, might further influence disease progression and the long-term adverse outcomes of diabetes. [6] [7] [8] However, whether schizophrenia is associated with poor glycaemic control remains inconclusive. Three crosssectional studies showed that the haemoglobin A 1c (HbA 1c ) level in patients with schizophrenia was similar to or lower than that in people without severe mental illnesses. [9] [10] [11] In contrast, a retrospective cohort study showed that patients with schizophrenia were more likely to be admitted to hospital or visit emergency departments for hyperglycaemia or hypoglycaemia. 12 Studies exploring long-term diabetes complications in patients with schizophrenia have revealed mixed results. 13, 14 The discrepant findings might be partially explained by enrolling patients with prevalent diabetes without controlling for duration of diabetes, 13, 14 small sample size 13 and short length of follow-up. 14 Therefore, we conducted a matched cohort study using a nationwide claims database to explore the association between schizophrenia and advanced diabetes complications and mortalities in patients with newly diagnosed diabetes.
Method Data source
This matched cohort study from 1998 to 2011 was carried out based on the Taiwan's National Health Insurance Research Database (NHIRD). 15 Taiwan launched a single-payer National Health Insurance (NHI) programme, covering up to 98% of the Taiwanese population on 1 March 1995. The NHIRD was derived from the original reimbursement claims. The database includes patients' demographic characteristics, diagnoses, procedures and prescription claims data. The validation of diagnoses of major diseases in the NHIRD, such as diabetes, stroke and acute coronary syndrome, has been well-established. [16] [17] [18] Given we could not assess the whole database of the NHIRD, we used the Psychiatric Inpatient Medical Claims (PIMC) and the Longitudinal Health Insurance Database 2005 (LHID2005), which are subsets of the NHIRD, to identify patients with diabetes with and without schizophrenia respectively. The PIMC contains all beneficiaries with at least one psychiatric hospital admission record and one discharge diagnosis of psychiatric disorder between 1996 and 2007, which is derived from the whole population in Taiwan (n = 187 117). The claims data were extended to 2011 for this study. The LHID2005 contains all the original claims data of 1 000 000 beneficiaries, randomly sampled from the year 2005 Registry for Beneficiaries of the NHIRD. The distribution of gender and age of the sampled participants in the LHID2005 did not differ significantly from that of the general population. This study was approved by the Research Ethics Review Committee of Far Eastern Memorial Hospital before implementation.
Study population
We assembled a cohort of patients with newly diagnosed diabetes. The index date, the date of cohort entry, was defined as the date of the first diagnosis of diabetes. Patients with diabetes included in this study must have had at least three ambulatory claims or one in-patient discharge diagnosis of diabetes (ICD-9-CM code:
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The long-term outcome of patients with both diabetes and schizophrenia remains unclear.
Aims
To explore whether having schizophrenia increases the risk of advanced complications and mortality in people with diabetes.
Method
This is a population-based matched cohort study using Taiwan's National Health Insurance Research Database. A total of 11 247 participants with diabetes and schizophrenia and 11 247 participants with diabetes but not schizophrenia were enrolled. We used Cox proportional hazard models to determine the effect of schizophrenia on macrovascular and microvascular complications, and all-cause mortality.
Results
The adjusted hazard ratios were 1.49 (95% CI 1.32-1.68) for macrovascular complications, 1.05 (95% CI 0.91-1.21) for microvascular complications and 3.68 (95% CI 3.21-4.22) for all-cause mortality in patients with diabetes and schizophrenia compared with those patients with diabetes but not schizophrenia.
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19 between 1998 and 2011. The validation of this definition of diabetes showed a 96.9% sensitivity and 93.9% positive predictive value in a study using a questionnaire assessment of patients with diabetes from the NHIRD. 17, 20 Prevalent cases of individuals with a diagnosis of diabetes before 1998 or those with less than a 1-year observational period before diabetes was diagnosed were excluded from the study. Patients with newly diagnosed diabetes aged 518 years on the index date were excluded. We also excluded patients who had any ambulatory or in-patient record of the study end-point (microvascular and macrovascular complications) before the index date. The details of the data refinement procedure to identify the cohorts of patients with both diabetes and schizophrenia (diabetes+schizo-phrenia group) and those with diabetes but without schizophrenia (comparison group) are shown in Fig. 1 and described below.
Cohort of patients with diabetes and schizophrenia
A total of 14 740 individuals newly diagnosed with diabetes and who had schizophrenia were identified from PIMC between the years 1998 and 2011. The included patients must have had a diagnosis of schizophrenia (ICD9-CM code: 295.x) before the first date of diabetes diagnosis. To ensure the validity of the schizophrenia diagnosis, patients with schizophrenia should have been confirmed by an in-patient diagnosis of schizophrenia. After excluding those aged 518 years and those with pre-existing complications, a total of 12 128 patients with diabetes and with schizophrenia were identified.
Comparison group of patients with diabetes but without schizophrenia
We identified 62 183 eligible comparison individuals, who had no pre-existing complications, were aged 518 years and no diagnosis of schizophrenia before the first date of diabetes diagnosis. For each patient in the diabetes+schizophrenia group, we randomly selected one comparison individual (patient with diabetes but without schizophrenia) matched by age (the year of birth), gender and year of diabetes diagnosis. The matched comparison patients were not selected again once they had been matched. Since all comparison individuals participated in the NHI programme in 2005, patients with diabetes and with schizophrenia who were not NHI beneficiaries in 2005 were excluded. When there were no eligible comparison individuals, an equal number of patients with both diabetes and with schizophrenia were excluded (n = 474). We finally identified 11 274 patients with both diabetes and schizophrenia (diabetes+schizophrenia group) and 11 274 patients with diabetes but without schizophrenia (comparison group).
Main outcome measures

Advanced complications of diabetes
We defined the advanced macrovascular and microvascular complications of diabetes based on the ICD-9-CM diagnostic and procedure code and NHI procedure code from the ambulatory and in-patient claims records. Macrovascular complications included admission to hospital for ischemic heart disease (ICD-9-CM: 410.x-414.x), stroke (ICD-9-CM: 430 -438.x) and peripheral vascular disease (ICD-9-CM: 443. 9 or lower extremity amputations (ICD-9-CM procedure code: 84.1x). Study cohorts were followed up until the date of the occurrence of a study outcome, death or the end of 2011.
All-cause mortality
We conducted a separate analysis for the hazard ratio (HR) of all-cause mortality. The date of death was identified from the discharge date of in-patient death, the date of withdrawal from the NHI programme or the death record in the Registry for Catastrophic Illness Patients, which is a subset of the NHIRD and shared a common identifier with all data-sets in the NHIRD. The death was further confirmed by the follow-up claims. If patients had further out-patient or in-patient visits after the ascertained death date, the death was excluded. 
Covariates assessment
In addition to matching patients by age (the year of birth), gender and the year of diabetes diagnosis, several potential confounders that might be associated with both diabetes complications and schizophrenia were examined. These factors, which were assessed in the year before the index date, included comorbid conditions of hypertension, dyslipidaemia, chronic pulmonary disease, chronic liver disease, malignancy, major depressive disorder, anxiety disorder, alcohol-or substance-related disorder and exposure to medication, including angiotensin converting-enzyme inhibitor/angiotensin II receptor blockers (ACEI/ARBs), beta blockers, calcium channel blockers, diuretics, lipid-lowering agents, non-steroidal anti-inflammatory drugs (NSAIDs) and antidepressants. To control for medical accessibility, we assessed health system utilisation, including the number of psychiatric and non-psychiatric out-patient visits, and hospital admissions to psychiatric and non-psychiatric wards in the year prior to the index date.
Statistical analysis
The baseline characteristics of patients with diabetes with and without schizophrenia are described by number and percentage. Differences in the characteristics in these two patient groups were compared using w 2 -test. We used Kaplan-Meier event-free survival curves to compare the three outcomes: macrovascular diabetes complications, microvascular diabetes complications and all-cause mortality, among the diabetes+schizophrenia group and the comparison group and tested the difference using the log-rank test. With adjustment for all above-mentioned potential confounding factors, we used separate multivariate Cox proportional hazards models to estimate the hazard ratios of schizophrenia for the three outcomes. The proportional hazards assumption for schizophrenia, which was tested using the Kolmogorov-type supremum test, was not violated in analyses for macrovascular complications (P = 0.07), microvascular complications (P = 0.08) and all-cause mortality (P = 0.45). 21 To assess whether the risk of diabetes complications and mortality varied across patient characteristics, we conducted further analyses stratifying various characteristics of the patients, including age, gender and presence of cardiometabolic risk factors (hypertension or dyslipidaemia). Furthermore, we included the interaction terms in the multivariate model to determine the modifying effects of the patients' characteristics on the risks of diabetes complications and mortality.
We conducted post hoc analyses to assess the quality of diabetes care, which is a potential mediator contributing to the link between schizophrenia and the outcome of diabetes. The quality indicators of diabetes care were anti-diabetic medication adherence and the rates of receipt for the following tests: fasting blood glucose, HbA 1C , lipid profiles, serum creatinine and urine protein, and retina examinations during the follow-up period. The 1-year weighted rate of receipt for each test was calculated using the total number of tests that patients received divided by the years of follow-up period. We assumed a rate of equal to or more than once per year for each test as an indicator of good quality of diabetes care. In addition, we assessed anti-diabetic medication adherence by using the medication process ratio (MPR), 22 which was defined as the sum of the days' supply of anti-diabetic medications divided by follow-up periods. Good anti-diabetic adherence was defined as a MPR50.8. Multivariate logistic regression models were used to examine the difference in quality of care between the two groups, with adjustment for the above-mentioned covariates. All statistical analyses were conducted with SAS version 9.2. The statistical significance of relationships was assessed using 95% confidence intervals or P50.05.
Results
The baseline characteristics of the diabetes+schizophrenia and the comparison groups are detailed in Table 1 . The mean age at diabetes diagnosis was 45.7 years (s.d. = 11.7). Mean duration of follow-up for diabetes complications was 5.4 years (s.d. = 3.7). Overall, the diabetes+schizophrenia group had a higher prevalence of dyslipidaemia, chronic pulmonary disease, chronic liver disease, major depressive disorder, anxiety disorders and alcohol-or substance-related disorders than the comparison group. In addition, the diabetes+schizophrenia group were more likely to use beta blockers and antidepressants, but were less likely to use ACEI/ARBs, calcium channel blockers, diuretics and NSAIDs. Regarding health system utilisation, the diabetes+schizophrenia group had more overall admissions to hospital (w 2 = 2014.0, d.f. = 1, P50.001) and out-patient visits (w 2 = 1437.9, d.f. = 2, P50.001) but fewer non-psychiatric out-patient visits (w 2 = 296.2, d.f. = 1, P50.001) than the comparison group. The incidence rate per 1000 person-years was 18.2 for macrovascular complications, 13.0 for microvascular complications and 26.6 for all-cause mortality in the diabetes+schizophrenia group (Table 2 ). In the comparison group, the incidence rates were 14.2, 11.2 and 7.5 per 1000 person-years for macrovascular complications, microvascular complications and all-cause mortality respectively. The Kaplan-Meier event-free survival curves showed the elevated risk for macrovascular complications (the log-rank P50.001), microvascular complications (P = 0.005) and all-cause mortality (P50.001) among the diabetes+schizophrenia group (Fig. 2) . The adjusted hazard ratios of schizophrenia were 1.49 (95% CI 1.32-1.68) for macrovascular complications and 3.68 (95% CI 3.21-4.22) for all-cause mortality. However, the risk of schizophrenia for microvascular complications was not statistically significant after adjusting for potential confounding factors (adjusted HR = 1.05, 95% CI 0.91-1.21). The hazard ratios with different levels of adjustment are showed in online Table DS1 and the hazard ratios of covariates in online Table DS2 . Subgroup analyses revealed that the risk of mortality associated with schizophrenia was greater in women than in men (P50.001) but the risk of macrovascular or microvascular complications did not differ by gender. Age group or the presence of cardiometabolic risk factors did not modify the effect of schizophrenia on diabetic complications and mortality (all P40.5). We further examined the quality of diabetes care during the follow-up periods and found that the diabetes+schizophrenia group had higher rates of good-quality indicators for receiving fasting blood glucose, lipid profile and serum creatinine testing, and better anti-diabetic medication adherence than those without schizophrenia. However, the diabetes+schizophrenia group were less likely to have had a retina examination (Table 3) .
Discussion
This is one of the first studies using a cohort of patients with newly diagnosed diabetes to investigate the association between schizophrenia and advanced diabetes complications. The results showed that patients with diabetes and schizophrenia had a 1.49-fold and a 3.68-fold increased risk of macrovascular complications and all-cause mortality respectively. However, the risk of microvascular complications among the diabetes+schizophrenia group was not significantly different from the patients with diabetes but not schizophrenia. Our findings were generally in line with a cohort study using linked data-sets in Western Australia, which showed patients with schizophrenia had a significantly increased risk of mortality and an increased trend for diabetes complications. 13 The marked increased mortality rate of patients with diabetes and schizophrenia was also compatible with previous studies that showed that patients with schizophrenia have a two-to fourfold increased mortality rate because of endocrine, cardiovascular and genitourinary diseases, compared with the general population. 23 However, our results were contradictory to those found by a cohort study using Medicaid and Medicare claims data in Massachusetts, USA.
14 Leung and colleagues found that patients with schizophrenia or paranoid state had lower rates of adverse diabetes outcomes than patients without mental disorders.
14 Their findings might be markedly biased by a lack of control for disease duration of diabetes because the mean age of the patients with schizophrenia (52 years old, s.d. = 13) was much younger than that of patients without mental illnesses (70 years old, s.d. = 13), who would have a longer disease duration and a higher risk for diabetes complications.
Although the findings of significantly increased risks for all-cause mortality and macrovascular complications among patients with schizophrenia lent evidence to support our hypothesis, the lack of increased risk for microvascular complications was unexpected. One possible explanation is that patients with schizophrenia might die as a result of competing causes, such as unnatural death and infectious diseases, 23 before the development of diabetes complications. Another possible explanation is that patients with diabetes and schizophrenia may have similar levels of glycaemic control to the general diabetes population. Intensive glycaemic control is the key factor to reduce the development or microvascular complications. 2 Three cross-sectional studies showed that the HbA 1c level in patients with schizophrenia was similar to or lower than that in those without severe mental illnesses. [9] [10] [11] Although one retrospective cohort study showed that patients with schizophrenia were more likely to be admitted to hospital or visit emergency department for hyperglycaemia or hypoglycaemia, 12 this study did not distinguish hyperglycaemia from hypoglycaemia. Patients with diabetes and schizophrenia might have lower average blood glucose, thereby being associated with higher risk for hypoglycaemia rather than hyperglyacemia. There is little evidence to suggest that patients with diabetes and schizophrenia have poorer glycaemic control than those without schizophrenia.
The risk of macrovascular complications might not be reduced by intensive glycaemic control. 24 Risk factors, such as smoking, hypertension or dyslipidaemia might be more influential. 24, 25 Individuals with schizophrenia have a higher risk of unhealthy lifestyle behaviours, such as tobacco smoking or physical inactivity. 26 Although we could not directly measure lifestyle behaviours in this study, we found that patients with schizophrenia had a higher prevalence of dyslipidaemia, alcoholor substance-related disorders, as well as chronic pulmonary diseases, which are related to tobacco smoking. These unhealthy lifestyle behaviours might be important contributors to the macrovascular complications and mortality in patients with both diabetes and schizophrenia.
In the subgroup analysis, we found that women had a greater risk for mortality associated with schizophrenia than did men. Previous studies have shown that the effect of diabetes on the risk of coronary disease mortality is significantly greater for women than men. 27 Furthermore, the adverse changes in lipid profile and blood pressure were more obvious in women with diabetes than those in men with diabetes. 28 Therefore, there might be a synergistic effect of schizophrenia and female gender on the risk of mortality. Schizophrenia per se might directly increase the risk of diabetes complications. Schizophrenia is a link to dysregulation of the hypothalamic-pituitary-adrenal axis. 29 Increased cortisol secretion has also been reported to be related to diabetes complications. 30 Thus, the abnormality of the hypothalamicpituitary-adrenal axis might be one of the possible mechanisms for the associations between schizophrenia and diabetes complications. In addition, inflammatory cytokines associated with the pathogenesis of schizophrenia 31 might also further increase the risk of diabetes complications. 32 Use of antipsychotics is associated with elevated blood glucose level and the development of diabetes among patients with schizophrenia. 33 In addition, antipsychotic exposure might be associated with stroke and cardiovascular adverse effect. 34, 35 However, antipsychotic treatment can improve psychosocial functioning and self-care behaviours in patients with schizophrenia, thereby having beneficial effects on health outcomes. Evidence shows that long-term antipsychotic treatment is associated with lower mortality than that found in those not receiving this treatment. 36 Thus, the role of antipsychotic drugs in the progression of diabetes complications remains unclear and warrants further investigation. 
Quality of diabetes care
Could patients with diabetes and schizophrenia have poorer quality of diabetes care, thereby having a higher risk of macrovascular complications and mortality? Several studies have shown that severe mental illnesses might have a negative impact on the quality of diabetes care. 37, 38 However, in this study, we found most of the quality indicators of diabetes care for patients with schizophrenia were better than or equal to that for patients without schizophrenia, except the rate of retina examination. These findings are in line with previous studies that showed that there was little difference between patients with diabetes with and without schizophrenia in terms of the rates of receipt for tests for detecting diabetes complications.
10,39 Furthermore, we found that patients with diabetes and schizophrenia had better antidiabetic medication adherence than those without schizophrenia, which is compatible with one cross-sectional survey using Veterans Affairs health system administrative data. 40 The quality of diabetes care in patients with schizophrenia varies across healthcare systems. 10, 11, [38] [39] [40] Taiwan's universal NHI, with the characteristics of very low copayment and high utilisation rate, greatly reduces health disparities. 41 Moreover, patients with schizophrenia can get anti-diabetic medications and screening tests in psychiatric settings in Taiwan. Therefore, the quality of diabetes care was not an important contributing factor for poor clinical outcome among patients with schizophrenia.
Strengths and limitations
The strengths of this study are the novelty of analysing the associations between schizophrenia and diabetes complications, the use of a nationwide representative cohort with patients newly diagnosed with diabetes, clear temporal relationships, a very large sample and a well-defined method for identifying complications of diabetes. However, several limitations should be considered. First, patients might have untreated hyperglycaemia for a long period before the diagnosis of diabetes. Given that diabetes mellitus has an insidious onset and may not be diagnosed immediately, the disease duration of diabetes mellitus is likely to be underestimated. In this study, we found that patients with schizophrenia utilised healthcare systems more frequently than those without schizophrenia; therefore, patients with schizophrenia have more opportunities for diabetes screening thereby being diagnosed at an earlier stage of diabetes mellitus. If this is the case, the risk of complications and mortality in patients with diabetes and schizophrenia might be underestimated. Second, we identified and confirmed patients with schizophrenia based on in-patient claims records. Patients with schizophrenia who were treated only in out-patient settings were not enrolled in the study; therefore, we could not generalise our findings to patients with schizophrenia of mild severity. Third, the accuracy of diagnosis of microvascular complications and peripheral vascular diseases was not validated in the NHIRD; however, we used procedure claims to confirm the ambulatory diagnostic code or used only in-patient claims to minimise the possibility of misclassifications. Fourth, information for the causes of mortality in the NHIRD were not available. The role of diabetes in the high mortality rate in schizophrenia remains unclear. Further research should explore the relationship between diabetes and cause-specific mortality among patients with schizophrenia. Finally, several important clinical factors, such as age at schizophrenia onset, were not measured in this study because of the short observational period prior to the diabetes diagnosis. In addition, other factors, such as education, smoking, body weight or exercise, were also not available from the NHIRD. The roles of these factors on the associations between schizophrenia and diabetes complications warrant further investigation.
Clinical implications and further research
Patients with diabetes have a higher risk of macrovascular complications and mortality if they are also have schizophrenia. However, the quality of diabetes care among patients with schizophrenia was better than or equal to that of those without schizophrenia. Unhealthy lifestyle behaviours might be important contributors to poor diabetes outcomes among people with schizophrenia. Of note, patients with schizophrenia might be less likely to receive standard diabetes education and cues from health providers about glucose monitors. 38 Therefore, lifestyle interventions for exercise, diet control and tobacco cessation should be emphasised. Further research should also focus on effective interventions to reduce diabetes complications in patients with schizophrenia. 
